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(54)Title: METHOD OF PRODUCTION OF ROLLING BEARING 



(57) Abstract 

A method of producing a rolling bearing, wherein, when at least one of an inner race, an outer race and a rolling element is produced 
by conducting carburization, hardening and tempering of an alloy steel containing 0.05 to 0.5 wt.% of carbon, 0.5 to 18 wt.% of chromium, 
not greater than 1.5 wt.% of silicon, not greater than 5 wt.% of molybdenum, not greater than 4.0 wt.% of vanadium, not greater than 4 wt.% 
of nickel and not greater than 8 wt.% of tungsten, the carburization is effected by vacuum carburization. This vacuum carburization is 
conducted by introducing an acetylene type carburizing gas into a heating atmosphere held at a reduced pressure, and after 
carburization/diffusion is effected, hardening and tempering are further carried out. Therefore, carburization at a Cr content of at least 3.0 
wt.%, that has been difGcult in conventional gas carburization (preliminaiy oxidation + gas carburization) can be extended up to Cr content 
of 18 wt.% by effecting vacuum carburization. 



(57)^^ 

mmo . o 5aft%~ o . 5 

< <!: t; 1 oSrSSlig-r 585. WfSg^ Sr^^^j^-Ctr 5 o 

LTSi^ • &^S:^TV^. $t>{c^Aix. ^MU^Sr^r^o cti^tdJ: 

ni. (Cr) 3. 0a4%:^JicDg^;65m^g^^tT9 r <i:T% 
C r 1 8Sfi:%*TnIIMfC/£5o 



AL TjVy<>=^T FI :7^^^^:^K 

AM ryu>=.r FR 7 7^-^ 

AT ^hyr GA ;yjJ^>' 

AU ^h^yr GB ^@ 

AZ r-6f/WM t^^r GD j/W-^ 

BA 7*?X:=r • '^./V'yxsfir*^- GE ^/ut^r 

BB /W^^K^ GH ^ 

BE -</W:¥— GM iil^\f7 

BF yyl^^-^- • 7r V GN ¥iT 

BG -j^/^ii^JT GW ^-r • irf-;*- 

Bj -^-^-v GR ^ye^-Y 

BR HR i^uT^T 

BY -<yA^*> HU /Ni^jtfy — 

CA ID ^>^K^r**>T 

OF «i'*r7y* IE r>r/V7:^K 

CC avsf— I L ^^^73171^ 

CH IN >fi^K 

CI a— hi>>J^T— IS T^r^^l^K 

CM *>/W— IT ^^VT 

ON «f@ JP B;5>: 

CU ^a.— y< KE er:=^T 

CY ^7*nX KG 

CZ 9^:115/3 KP :<t«»fl^ 

DE K^y KR »m 

DK ^ KZ ti-^yT^^y 

EE M hiir Lc -fe^^h/ut^r 

Es LI yt^WjL^'-f: 



LK ^y • s I 

LR y^yr sk 

LS uy h SL 

LT y KT^r SN 

LU /Vj5'-fe>'yA'ir SZ 

LV 7h5<-fr TD 

MC ^-^-a TG 

MD ^yi'Ki'r Tj 

MG '^^^T^iDA' TM 

MK -9-^ KiiriH^».-=f^7$^-f T TR 

TT 

ML -^y UA 

MN UG 

MR y^siT US 

MW -^y^^ UZ 

MX >:^->3 VN 

NE r^V*— YU 

NL :iry^^if ZW 

NO y— yW^7*— 
NZ r^K 

PL tK— 7^^K 

PT TK/Uh^tf/l^ 

RO /V— «?jiT 

RU n i^T 

SD 

SE ^fj^—f-y 

so Vi^^tfs**— -^l' 



wo 99/10557 • ' PCT/JP98/03782 

1 

m m m- 

:^^mit. ^mmm. ^^mi^:^^y h:^>i^>. 

r O i 5 ?^C»^^4(^iSV^^{i, iJ'nA (Cr) , ci^y-Jr/i. (N 

i) , e/i;=ii/ (Si) , •=£■!; (m o ) , ^^-^-'Jt^ j>. ( v) 

15 . ^-y<f7.^>' (W) ?^jJifSr-^^i-5i^^^^-T?*>y , 'B«J;t«Jin: 
^mv?3^ 2/ h ^^e^^'. :^^^5^ — t'>'ffl,i:LTAISI M50 
N i L-^, ^{-iS&#&tt^|«]-L ^-e:^ i^d S i <lr#<'^A/fcCB 
S600, Py^owea^53 7^^^■;iS^^nT^/^^o 

;^7^>'l^^^^X^|P|/£ cr (Cr) . ^ y 

20 (Mo) . y >^ ( s i ) <if < -^t? i^-a^^^-c^ 

^5 0^m4-i-P 395~P402) . 
25 r O J; 9 ^iM-a-^^Og^^^T 9 ^-a-^ -eajX-^lScilt (C.F.Jatc 
zak rspecialty Carburiiing Steels for Elevated Temperature 
Servicej ; "METAL PROGRESS", p70~p78, Apr i 1 , 1978) {^lEife^H 
T V^^ J; 9 (Cl, itj^^Stil^feSilo -C 9 5 5 "CtT^^^if -c^o^cB 



wo 99/10557 



PCT/JP98/03782 



2 

So 

t.t^. =^mmi[:^nt>:^j:\^^:^mt urn, #m¥i-225 7 

6 4 ^'^ikm. #M¥l-255656 ^McM^^tLT V> 

^^tL-CVN^ (#m:Scm: ^^50,® 2 2#3-^P172-'174) o 

10 , ^«i^<b(0^^i5/J>$ < /j; U . mmi>^nt>i^\:i< <ti:^o 

t-ln. ;<f t^-^^ixs r < d^fto c O2 

•^HzO J& if *5j[^H i y , #tc:S i ^J!lOfi355# < J^i S t S93N-<^ 

«-ro^m^Sj^^b«^?l^;^Ktcm^^ix, S^-r •5J^^^gg[;55it/>i- 
25 ^iS'fc^'x ^^t-i^ffi^i^^i <t Tie U . ^ h :dSJi#i- So 

ofcft-C^t. 'ea|;t«S i ^ V;6S — 3£«Sffl(Di-e-&=iri-S ^ , til?- 
fi6<b(j:AP;t, S i . V <t o^-fbt^SfS t;i J; *J , 7.Wtm.X\%^if^ 
6«JfJ:«j^*s < < ^'iS o P.gjS ^ C T feo 



WO99/10SS7 * ' PCT/JP98/03782 

3 

m^mi^mt u-cti. #mbs 61-117268 «i#p 

51£2-22451 -i-ii^^, #M5iZ6-172960 ^ IB 

¥8-325701 -^4^^^^ t^i:imm<D:^Wii!)^<tkm^ti-^^^mm 

20 {b^tLTV^^;6S^ Cr, Si. Vfj:if9i^\^{^mm^Rl^-t7cm 

C r ^ 3 aft%JiilJb) ^tf iS^^^l^jgfS^I^ 

^fc. ^7^>'i^x^SUS403 t'K^ftj^^^iSffl bfc-'Baj 

/55:scj§^}^#^$ ^^,Tv^ ^ ;5s i^m:icm - mm-m 22#3-^pi 7 

25 2 - 1 7 4 ) . -a-^7cm(Dg^tt-^<Dj^Wt-oVNTfi{5I t^^^ft ^ 



WO99/10SS7 * * PCT/JP98/03782 



^ i^U =1 V (S i ) (N i ) tt»Btt<0[^l± 

^m^«iP 1 0 ) „ 

m:^M:fsm\t. m.n 0 . o5a*%~o. 5fi»%. ^a^o. 5 

1 8 Mft%, y =1 :/ 1 . 5 Mft%i^AT. ^ -iZ-r :^ 5 
TfeJ:l/i5'>'^^-rV8 Sft%Jl^AT ^^t? -a-^iB {-^j^ , ^Atu 

i5fi*%~o. 5m*%, ^ D is 2 . 2m»%~i8m*%* 

25 -^tf r i Sr#m<i: -r So 

o5mft%~o. 5ms%, ^uMsQ, 5ms%~i8ms%. 

v-y^VO. 8mfi:%~l. 5 afi%iS:-^tf C t Sr#m i:i-5o 



wo 99/10557 * * PCT/JP98/03782 



0 5aft%~0. 5S*%. ^nAO. 5fi»%~18S*%. 

*^c, SttB-a-^iHtt, ^y^T^i^ (Mo) 5fi*%iJAT, ^^-t- 
15 (V) 4. OSS%utT^ J;t^^ >'i5^;^x :x (w) 8** 

20 ^ ( s i ) ^ 1 . 5 mftroJEAT-a-tf c <b ^ u < . mm l^^it 

*fc. MlS-a-^^^f^i. (N i ) ^4m&%&.T^t^^ 

25 tttfi^s mm\^^ik<om^^mux^ ?>o 

« S CR^it1^ipfXitmmi^^n^t:i^(0^ n Ji, (C r ) U^^i^ 



wo 99/10557 • • PCT/JP98/03782 

6 

K^^^^<^9*>, 8 - 3 2 5 7 0 1 -^^^jji^ 
^m^mx V tens < sji^-rs r t it^ssmxh^ 

y<lym(D^it7km^<D:ff :^^m. 300~700Tor r, ^Jc^ 
15 ?g : T-fe^ IKpa (8Torr) &,T) o ^ <0 

20 (MJE) : 

tiSrPl.«-r ^^{b<^® (^^^Eti^i^j'j; <^j;S<i:#x.P>ns„ 

m^m:mxm:^Y^m\,^m'mti::ff :^mm. i^t!) 

f^li. M^Wt^i^ii. ftj^i^t;! 7 0 0 t o r r ^Toff:f3T»^ p< 
^l^^zray<>':^mA\^Xno:^m^. IKpa (Btorr) 
li^ T <o JE :^ T T ir ^ w Sr ^ A b X » ^ fr 5 ^ ife J^i if ;J s H ^ 

30 <t^ihx\^^^i^. ^mmi^mxit. ±^s.<ommf£ ^ib>h . s-tm 



wo 99/10557 * PCT/JP98/03782 



^£Jl_bO^*pri0* b < /jiV>^j; ^*=»^> . IKpa (8torr) 

mm (C) {i, ^^i^-^r h^b-r^ ^ i: l^J; y . MA 

10 0.05 %&.±t Ufc<^{±. UTje5.^jfc3ft^S:?(ili¥: 

i-5fcfc-cfe-5o 0. 0 5 mfi:%7i5^-ettg^«!.a(o^ra 

«8tt;a5:^# < <£T-t-S 0"C. C (TJ-^^tSti 0 . 0 5mS%~0. 
5 m»% ^ L^io 

15 y = >- (S i ) flJi^^J t UTjfi^S/jiTCl^-Cfc »J . 0 . 1 

Bg#^<DW5£0JSm. S i : 0. 8 m»%^ii-C^^-r S ^ Jis 
^^(DilH Jfc 5 COz-^HzO J&SfiF^E-fr-r. S i : 0. 8 mft% 



wo 99/10557 " • PCT/JP98/03782 

8 

5 J; U S i (D^^m^ 0 . 3 ~ 1 . 5 Ufco ^ ^ 

^3^-14(^1^.^*^ ^^*pa(i/>;^e V^^;^S»* U < . S i : 0. 

3~0. 8 t>SnXtta^ffT-fc^„ Si : 0. 3~ 

10 T-rs z: t ttn:^. 

^uj^ (cr) i^A4xtt^i6]_b mm^mit-f-^m. 

S < t *j C r : 0 . 5 m*%U^_b-^^ ^ ^ ^ jK^Hd^ 

15 5„ C r -^#fi:is 1 8 SS:%S:ilS;^2> t]!lDX14;6S 

Vfco w (7> t . CrO-^jfriO. 5 — 1 8 byto 

^<m:i^^i:imm^Ri^^^j:\^^7cmtvx^ibfix\f^ft c 
30 t^^Ttmi . rm • n:^^mmm^mmm i 9mm.^mp e 9 

7) o 



wo 99/10557 



9 

b u ^ ^^mm^n^'^'Ti^^ M, (V) 
v- y 3 > (Si) fi^^m-t^^^mi^. :ff:^mm^nom^. m 

Rit-r^^mi-i. V : 0 . 8 mm%U±n XUS i : 0 . 3 MS 

10 fiKttZfcSfei^^Jt:: J; S , S i : l mS%5a^T?*> o (||&Aa!3g 3 
7#4#P229)„ Ud^L/j:*Sf>, Si :0. 3ma:%-C*>o 

15 mx\-i^iL y J^S^JIJ^ t><73<D/>fto S i ij^m^\^^mir 

^bT^i;:/^^:/ (Mo) , (W) , /^•:hv?':7A 

(V) ^srig^6<)(^ 1 a®, *>5 v^{i^tt^^JlJl^-a' uT^ijp-rs r 

=1 ;^ h ie ^ ^ieo y , w^iJ;65ffl^t^/^ 5 <o-c. ^y^/^^^- (Mo) 
25 ti5m4%i^AT. ^^y^y^'rl^ (W) t*8a*%J^T. ^^•:J->^'> 
-fc^ (V) tt4. 0 Mfi%^T<i:-r2) w ijiSM* U^^„ 

::^5/>5ryV (Ni) tt, «Si A 14 iSr |6] -L ^ . «ai4 ^ i« 2> tc ^ 



wo 99/10557 



PCT/JP98/03782 



1 0 

<^'40mmX10 m m Ki^ ^ ^ 1 (DU^'CM^ 

5 ^m0ki^x-m:^^n^xm^i^t:wm\^tzo 



wo 99/10557 



PCT/JP98/03782 



1 1 



n 


O 


O 


X 




3fi E 


in 

00 


CD 
00 


00 


00 
00 


CO 
CO 


CO 
00 


in 
oo 


CNJ 
CO 


o 


00 
CD 


CM 
CD 


o 

CO 


m 

CO 


3^ 
IKK 


CNJ 


CM 

T— 


CVJ 
CVJ 
-r— 


CO 

^- 




CNJ 

p 


CNJ 
CD 

o 


in 

00 

o 


in 

CD 


00 
O 


CM 
CD 


CD 


CD 

o 


in 


CM 


00 
CD 




CM 




in 


in 

CD 


r< 


*N 


a 






^: 






*\ 


§ 

+ 
GC 


• 

g 

e 

+ 

X 

CC 


*\ 

+ 

X 

QC 


X 

CC 


:^ 


:^ 


S 

+ 

X 

CC 


• 

+ 

X 

oc 




:^ 


vK 




:« 


M 














?^ 


« 




f< % 








«H 






1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


in 

CO 


1 


iq 

CO 


1 


1 


1 


1 


in 

CO 


> 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


CM 


1 


CM 


1 


1 




1 


1 




1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


00 


1 


1 


1 


Q 


CM 
O 


LO 
CD 


a> 

CD 


tn 
o 




o 


CNI 


in 

CD 


CNJ 
O 


m 

CD 


CD 
CD 


in 
o 


m 

CD 




1 




1 


CM 
CD 


CO 




CO 
C) 


o 


CVJ 

oJ 


CO 




in 


CO 


CO 


in 


00 


CNJ 
CM 


CO 




in 


00 




CO 




CO 


CM 


00 


CO 


00 


:e 


CO 

o 


CD 


o 


in 
o 


CO 

o 


o 


CD 


o 


CO 
CD 


r>- 

CD 


CD 


m 

CD 


CD 


CO 
CD 


c> 


CO 
CD 


CD 


CO 
CD 


CD 


CD 


IT- 


CO 


CVJ 

o 


ci 


o 


CO 

o 


m 
o 


o 


CVJ 

o 


CNI 
CD 


CM 
CD 


o 


O 


GO 
CD 


CM 
CD 


CM 
C) 


CO 
CD 


CM 
ci 


CO 

o 


CM 
CD 


CD 


in 


in 

CD 


o 


CNJ 

CD 


CVJ 

c5 


CD 


o 


c> 


in 
c> 


CNJ 
CD 


CO 
CD 


CM 
C> 


CNJ 
O 


CD 


CD 


CO 
CD 


in 

CD 


CO 

o 


m 
c> 


CO 
CD 


CD 


CO 
CD 


CD 


CM 
CD 






CVJ 


CO 




in 


CO 




GO 




CM 


CO 




00 


-J 

o 
in 


CM 

o 

CO 


o 
in 
IE 


CM 

o 

CO 

r) 


CD 


O 




CM 


<lua 


< 


CD 


o 


O 


LU 


UL 


C3 


X 














O 








o 


GC 


CO 










fill/ 






frAt 
1W\ 







wo 99/10557 ■ • PCT/JP98/03782 

1 2 

i:^m -ea;^^^TV^. g^^^^^Ai^, mmL^n^tcs cr 
5 s cRmit^ui^i^wmu tm—^m (o mm<r>i^mii>mm ^ 

5 o 

10 M^mi^<om^. 9 5 o'c± 3 or-c^E^gj^ im^ + mm) . 

8 2 0 •C± 2 0 "CiJ J: U« 8 5 0 "C- 1 1 0 0 "C-Cj^Att, 180 

x:±2 ox:xmmv^n 0 mm (a) « 
:ff:^mi^<om^. 9 5 o'cxf^mmit. 9 5 o t:± 3 0'C-C;t/ 

+ , 820'C±20'C^3<J;t/8 50t:~ll 

15 0 ox:x^Ati. 1 8 ox:± 2 o'cxmmi.^n o (mm (b) 
x-^g^<;3^'a-> 9 5 o'C± 3 y 

:x:/ + S^ + fetfc) , 8 2 0 "C± 2 0 "Cfe J; tJ? 8 5 0 "C- 1 
lOO'C-C^An. 5 0 0 5 5 0 "CT- 1 iJfej^M 5 0 0 
20 ~ 5 5 0 °CT- 2 U ^tr 9 (mm (C) „ 

0'C± 1 0 "CT^igfeAtL. 1 8 0 'C± 2 ori^i^M U^tr 9 (1^10 

(D) mm) o 

25 ^ 1 l-^-r*^mJ^ ^=fTo /cHjfg^ry A~H (i^aA (Cr) 4: 
2. 2~18mS%) -CJi, S C R^<DH:tfi5*t <i: JttSEU-C gi^tt 

(RX) ;«f>^-e;<f ;^it^JSftTofc^i^>^--Cfi (Jttfi5^ajl~L) . 
30 C r 2 . 2S*%36*^ltiIP-t-5t^otuTg^i4(*Pl.S$n, 



wo 99/10557 



PCT/JP98/03782 



1 3 

V>So 

:i<D :i t ^^^:if :^m:^-Ci-i. Cr2. 2 ^^tt 



^ 2 







C 


S i 


M n 


C r 


M o 


W 


V 


N i 


1~12 

MSONiL 

SUS420J2 


0. 15~0, 5 


0.25 


0. 85 


1.1 


0.01 






0.05 



mt^. M^^m^trnv :itx^uj>. (cr) i smm%^x-^m 

m o r <i: ;6S }6> 5 o 

20 $^t-. it^mmt \.xm^. mmm^ t :^nx ^tcM 5 0 N 

iL^SUS420J2ir o <OlH @ , M^m^^m U 

n-ot^m^ tit^-lr^h t (JtlSj«»JT. U) . H-5>^i^^1±^* u 

25 *fc. ^Jfe^jP, Q, R. SX\±^uJ^ (Cr) , ^ y 7^7^ 
(Mo) , y<-rV't7J^ (V) , (W) }6S>|c|ltfe?^^ 

MMmK, SXVt. (Cr) , ixyn^^ (Si) , ^^y-Jr 

(Ni) <Dfi^^mi)^:^%Mmm(omm\hxih^) . ^i^i^^^u 

30 < ^ tL-CV^J&V^o 

H 2 S« S C R^lttS5«-Titl«sm^^^toytgg<Di^ n A (Cr) 



wo 99/10557 



PCT/JP98/03782 



1 4 

AC r mm:^^ 1 8 m»%*T-gj^{4;65|5§.«^tt-CVN/j^VNo *fc. 
:^^;=^gj^-C(±ilg;^$tT-feSM 50NiL^SUS420J2{w 

*101~80^@{i:oVNTNU2 4 £Df^©^ y i!f^mi^ 

«>So 1 0 fi. fifci^ y i^^^ 1 2 ilrlaII£Brt6t;i«^i^ 

■f-SiSfllD — 1 4 ^ J; tjsj^ib a — 1 7 t . V >^ ^ 1 2 (O 

15 #m n — 1 4 -e^gfe y>';>^l 2{:i#a^iDx.oo, g^ib n — 
1 7 ^HKte^^T^®^ U Vi/ 1 2 ^mti^mW}-^^^. l^ijjn— /V 
1 7 (D©^|^^N= 1 0 0 0 r p mtC^^U, IXlOGIsISr^ 

i!)o— 1 7 ti^m-t ]) >y 1 202 ^Bfi-^fj^^-r-si^s 

h a-/u 1 9 <i:g§ftb-t-5^g^ y 1 202 ^m^z. 
^ ^ ^ o H life A H t Jt Ifc U -x: m o ^ it 



wo 99/10557 



PCT/JP98/03782 



1 5 

(II) mt^ y ws<o$!iit*^om2 <Dmmm\^-:>\^^xwim^io 

4» 6 3 mmX 6 mm<D^m^^^ 3 iZTr^-tU^ «7) ^ ]^ U . 

mi(7)m^mxit. •7'^x-x'g^(;l^3v^-c 2iH]<DisiML (soo 

•C~ 5 5 0 °C) ^=fTo T V^fc;^s, ^ 2 <0 ^ life ^aj T' <S M (18 0 

*c±2 0'c) mmv^imi^iirn^x\f^^o 



wo 99/10557 



PCT/JP98/03782 



1 6 



K 
#1 

m 


¥ 
K 


N 

D 

+ 


+ 
a. 




2^ 
!tl 
fH 
M 


m 


!^ 

vc 
1^ 




I 


1 




























I 


CD 


! 


1 


■ 




■ 




> 




1 








1 


1 


1 


1 


1 


1 






1 




1 


1 


1 


1 


1 








0 


1 










1 




1 


1 


1 


LO 
































o> 


to 


LO 






Ova 




00 












CD 




00 


CD 




00 


o> 


CM 


c 




& 


CO 




CO 


CM 






CM 




c=> 




cz> 






CD 


CD 






CD 




c:> 






00 




<=> 


CM 




LO 




00 


LO 


CM 


UD 




<=> 




r— I 




^ 


f— H 


<z> 


C=> 










0 


00 

C5 


IXD 


<=» 


<^ 


CO 
CD 


CO 
C3 


CM 
CD 


CO 


CO 
CD 


LO 
CO 

CD 


m 


<N 


CO 




LO 


CBS600 










CM 


CO 




1— 1 




CO 




LO 


CD 




00 


cn 


<=> 




Sua 


w 




W 




W 


w 


w 




W 


Ui 










±5 



wo 99/10557 



PCT/JP98/03782 



1 7 



K 

n 


o 


X 


ID 

o 

><!g 

O 


o 


O 


1 


1 


1 


1 


1 


CO 


CD 




1 


to 
O 

nns 
o 


00 
00 


2 2.4 


20. 5 


1—1 
1— ( 

(M 


2 0.3 


r-H 
CO 

eg 


LO 

(M 


GO 

T-H 


r-H 
t-H 


LO 
00 


a> 

r-i 

CS3 


AHRC 


o 


00 

o 


CO 

o 


O 


CO 

o 


o 


CO 

o 


CD 
t 


cvi 


ca 
o 


00 

o 


#1 

m 


o 


O 


O 


O 


O 


O 


o 


X 


X 


O 


o 


rrrii 

w 


< 


< 


< 


< 


< 


< 


PQ 




CQ 


PQ 


o 






CO 




LO 


CBS600 




r-H 








CO 


Il|t> 


r— » 


W 


CO 

W 


W 


W 


to 
W 




E8 




ElO 


Ell 



wo 99/10557 * ' PCT/JP98/03782 

1 8 

^ik<Dmm^ M.^ . mmm.T (1 3 0*0 ^xx}^nm.r 

5 9^5.^250) <7?ll 1 0 ^ P 2 1 laifeo:?^ 7 X h?^t^i^;Kl^ffi 

®£E : 4 9 0 0 M p a 
m^j^ : 1 0 0 0 T p m 
10 : # 1 5 0 t'Vift (2pllS?af«:g^) 

mf& I F escm&z 

; HR C 5 2 
15 n.% I 74~147//m 

MXM. ;P?t?ft4'J3i300ppm 

@^>T-2 4{;io^, ^(n>^m<r>^ •ti'fi^h i 0 mm^pg-etl- i 3 
20 (^50#fl^) l^^l^aiJ^Srff oTfi^d^UfCc ^b-C, S9^?I$ 

(Dm-^wi^i^xxj^mi&m^ (o^i^mdt u-r^j^tp b^^o^^ 

Oi^lM UTO BISH (AHRC) t^td^U 

o-^V>T. S^O^ IQS^rtf ofe|i^i^>ri^ov>T. 

@6*J-C^®^ 5 0 /z m#gij Lfc^, 

30 fti^^rtro ysic 



wo 99/10557 



PCT/JP98/03782 



1 9 

s i (D^y^mi^ 0 . 8 fi»%iKAJi-x?fcoyt(^-e. mmtj^i^m^ 

Jfe«^E 2 , ^XXJ^W. N i < -^Jfi- UTV^:5lllfe^JE 3 , M o . 
V^#<'^*UTVNSII1£|SJE 4 ^cov^■c. m^t t>aj^tpbtt 

5S^bX*5^-r. t;;g#^t?*>oyt„ 
fcltUEi^E 7 -C«. mmmB l. E2. E3. E4, E5, E6 

t mMm-m-^umm^^ it^i- ^ t , itwtm e 7 f*-^-^M#^-e 

E 7 ^ E 1 0 IrltlSfi-S <t , ItlSE^ilE 1 0 
25 r ixfiittiS^^yE 1 0 (D:)5li^ S i <D * 365 Jfc < , mU b 

30 i^SrfTofc t>(Z>(^Si^tt{4*b< ia$$*i,-f . ittJE b 



wo 99/10557 



2 0 

*fc. itigs^dE 1 1 mmm-E 2 x-^^^ 

Jttfe-f-Si:. ^3 = ^ MIS t 9 o 

^JS^JE 5 <!: Ut. S i *t (^gE^^sgT? *> 5 C B S 6 

15 ife-cfi. mUT-^o^^mmm^m^x^. s i (Dmrnvw^itum.^ 

^4{'^i-o a^^tfbiiS^^U, ^ ^ J^S^^T Uycit^^H E 8 , E 

20 9 f:i2PiS?a^^^®^^m .h M#^-efcofco l^^l, s i 
itm^M< I- >- n ^ tzmmm E i , e 2 ^jtiss-r^ 

25 15 if W-CV^/j^v^o c <^ c <i: b t> , S i O^JD{±i^M Life 

(HI) ^;5s y m^(Dmm:^m<Dm 3 (^^nsfijt^ovNTtfteg-f^o 

30 



wo 99/10557 



PCT/JP98/03782 



2 1 



K 

m 


:^ 

4^ 


,\ 

N 
D 

+ 

X 




m 

w 


m 

K 




I 


1 




r 


1 


1 


1 




















oo 


<=> 




oo 




oo 




> 












^5 






1 


1 


1 




\ 


1 


\ 


Mo 


1 


<=> 


CO 

<=> 


1 


lo 


1 


CO 
CD 




<=> 






<=> 


oo 


lO 




o 






oo 




cr> 




oo 


c 






<=> 




CO 




<=) 




CO 






CO 


CO 




LA 


cn 








<=> 








O 


CO 

<=> 


0.35 




CO 


0.35 


CO 






<x> 




00 


CD 




<=> 


00 






CO 






CO 




oo 






w 






w 


w 


w 




m 





wo 99/10557 



2 2 



m 6 







jtoji trntt xsn 


■^aa M-t 1 »i- 


&HRC 


Lio#^ (X10'2ii^M) 


PI 9 


D 


A 


\J 


U . 0 


25. 5 


E13 


7 


A 


o 


0.3 


28. 1 


E14 


8 


A 


o 


0.2 


29.3 


E15 


6 


B 


X 


12.9 


2. 8 


£16 


9 


B 


O 


0.5 


15.3 


£17 


10 


B 


o 


0.4 


14. 2 


£18 


8 


B 


X 


6.7 


3.8 



10 « 5 *J<tU?^ 6 35^f5:;{f x?.g^^^f ofcJtlfe^SJE 1 5 S i <D 
15 . ittSE«?!IE 1 7 (S i (D^mMib^^mm iS^tf ;6S3S^ 

^^mi>^:^^m(Dmm^x^<^m Lx\^^^mmmB 1 3 , e 1 
tss^j E 1 6 . e 1 7 mmm E12, eis. E14 (Dm-^^m. 

^m<Srtt:|55-r 6 t > lt|5Ei5»JE 16, E 1 7 "C S „ 

ittS5«»jE 16. E 1 7 ^xx/mmmB 12. e 1 3 , E 

5o 



wo 99/10557 



PCT/JP98/03782 



2 3 

5 * fc, Atrial i<^^JS^j^itt!^u-rs iO'^5fr*{i/j>/i</io 

^^c. tfclSs^JE 1 8 {i^JSt^dE 1 4 l^-^m-e?(f :^g^iS:fir 

^hiz.^ mmm'E i ~e 5 t%mm^ 1 2 ~e 1 4 

^Jfe«»IE 1 2 ~E 1 4 <7)::^:6SJ^'■^^#;5Sfi:V^„ rixfil^lfe^RJ 

E 1 2~E 1 4 (om^MTtmt^mmm'E 1 ~e 5 k^at^x^xmmx^ 

S o 

n^^SirUrPy r owe a r 6 7 5 t^^h^xn^) . ^(OM 
20 JS^^iJ. JttS5«aj^^7, ^Sk^Lm-r. 



wo 99/10557 



















•c 


































l!H 






M 




o 


LA 




O 








LO 


LO 










CO 


CO 




<=> 






1 


1 


O 




LA 
















CO 


CO 


O 






c 


CO 


CO 




<=> 


CD 








CO 










lO 


o 


<=> 


<=> 




o 


<=> 






(A 










CO 


CO 




*— ■ 




ilfTHl 


CO 


CO 


W 


a> 




m 








o 


o 
























C3> 






CO 


















±5 



2 4 



to 






O 


in 




X 


CO 


CSI 


<^ 

o 


Csl 










HRC 


eo 
<=> 




<i 






m 
m 


O 


X 


rmi 

w 


< 


pq 


w 

m 


CO 
CO 

o 


LO 
t— 

CO 
t-^ 
CO 

o 






>-» 




cr> 


<^ 
C<l 
U3 



00 



wo 99/10557 



PCT/JP98/03782 



2 5 

mo, o5S»%~o. 5ma%. ^n^o. 5m»%~i8* 

10*%, v- y 3 >- 1 . 5ai:%£JLT, ^ y >^ 5 mft%£AT, ^< 
fi, i^^O. 15ma:%~0. 5a»%. ^nA2. 2a*%~ 

f^m t X t^v — mim<Dm.^m.\\:.m(D^fi^^Vjit.x^ . m 

;^^0. 0 5mi:%~0. 5fi4%, iJ' n i:. 0 . 5^4%- 

1 8fiji%, '>y3vo. 8fia%~i. 5 msroSr-^tf o-e. 



wo 99/10557 



2 6 



^9 

WO 99/10557 * • PCT/JP98/03782 

2 7 

1. ^^0. 0 5a»%~0. 5Sft%, ^nAO. 5fi*% 
~ 1 8 y = >- 1 . 5 a»%iiAT. ^ U Zfy'^ 5 M* 

10 m:^mo 

3. mm^^mtt. mmo. o5ms%~o. 5mfi%. 
15 AO. 5m4%~i8Sft%. i^y=«^o. 8ms%~i. 5 

AO. 5a*%~i8**%. i/y=:/o. 3S*%~i. 5 



wo 99/10557 



PCT/JP98/03782 



1/5 




wo 99/10557 * • PCT/JP98/03782 



2/5 




CM 

























































o 


















1 








































i 



























o 

CM 
00 



CM ^ 



00 
CM 



U 



wo 99/10557 " • PCT/JP98/03782 

3/5 

^3 

m 



wo 99/10557 



4/5 



PCT/JP98/03782 




INTERNATIONAL SEARCH REPORT 


International application No. 
PCT/JP98/03782 


Int. CI* C23C8/22, C22C38/00, F16C33/32, 33/34, 33/64 
Aoocjrding to International Patent Qassification (IPQ <x to both national classification and IPC 


B. FIELDS SEARCHED 


Minimum documentation searched (classification system foilowed by classification symbols) 
Int. CI" C23C8/22, C22C38/00 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shlnan Kbho 1926-1996 Toroku Jitsiayo Shinan Koho 1994-1998 
Kbkai Jitsuyo Shinan Roho 1971-1998 Jitsuyo Shinan Toroku Koho 1996-1998 


Electronic data base oonsulted during the international search (name of data base and, where practicable, search terms used) 


C DOCU 


MENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 
Y 

Y 
Y 


JP, 56-29667, A (Daido Steel Co., Ltd.), 
25 March, 1981 (25. 03. 81), 

Claim 1 ; page 2, upper right column, lines 4 to 16 ; 
page 2, lower right column, line 1 to page 3, 
upper right column, line 5 (Family: none) 

JP, 61-236923, A (General Electric Co.), 
22 October, 1986 (22. 10. 86), 

Page 4, upper right column, line 8 to 3rd line from 
the bottom 

& EP, 193094, Bl & US, 4659241, A 
& DE, 3671275, CO 

JP, 4-26752, A (NSK Ltd.), 

29 January, 1992 (29. 01. 92), 

Page 1, lower left column, line 18 to lower right 
column, line 6 ; Examples & GB, 2244103, B2 

JP, 8-325701, A (K.K. Nippon Heizu) , 

10 December, 1996 (10. 12. 96), 

Column 1, lines 1 to 14 (Family: none) 


1-5 
1-5 

1-5 
5 


1 1 Further documents are listed in the continuation of Box C. Qj] See patent family annex. 




-A- ^Tr"*";. "'^ later document published after the intcniatioMlfamg date or priority 
A docameiit defining the general state of the art which is not date and not in conflict with the application but cited to understand 

oonade«dtobe ofp«rtioylsj«levaiice the principle or theory underlying the invention 
E ^rher document but published on or after the interaadonal filuig date "X" docoment of particular relevance; the daimed invention cannot be 
L document which nay throw doubts on priority daimTs) or whidi is oonsideied novel or cannot be considered to invoke an inventive step 
atcd to establish the publicaUon date of another dtation or other when the document is taken alone 

W ^^^J^Jr^T^^.A ^a document of particular relevance; the daimed invention cannot be 
O document refemng to an oral disdosure. use, exhibition or other considered to involve an imrenthre step when the document is 

means ^ . combined with one or more other sudi documents, such combination 
P- docuinent published pnor to die international filing date but later than being obvious to a person skiUed in the art 

the pnonty date daimed document member of the same patent family 


Date of the actual completion of the international search 
3 December, 1998 (03. 12. 98) 


Date of mailing of the international search report 

15 December, 1998 (15. 12. 98) 


Name and mailing address of the ISA/ 
Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCTASA/210 (second sheet) (July 1992) 



SIStUBIS-?- PCT/J P 9 8/0 3 7 8 2 



A. 3gW<DjRi-55>!if<^^>IS m^MWf-^m. (I PC) ) 
Int.Cl« C23C8/22, C22C38/00. F16C3 3/3 2. 3 3/3 4, 3 3/6 4 



»la^ES^^TofcS/Mss|s^ (negitfF^^is (i po ) 

Int.Cl' C23C8/22, C22C38/00 



0*@3lfflif|g^« 1 9 2 6-1 9 9 6 
H*ll4^BBIIffl3&f3gi2t« 1971-1998 

B^mmm^mmm^^m 1994-1998 
B^mmm^sim^m^jsm 1995-1998 



25, 3^. 1981 (2 5. 03, 81) 

J P. 6 1 -2 3 6 9 2 3, A ("^^9 /U - h V y ^ - :ti 

StiL'p ^1:'-. J 2I-x> ® (2 2. 10. 8 6).m4M 

:&Jiffll^8 -T/5^b 3tT& EP, 1 9 3 0 9 4, Bl&US. 4 
6 5 9 24 1. A&DE, 3 6 7 1 2 7 5, CO 

JP, 4-2675 2, A (S ^i^fiXt*^^^) , 

29. 1^. 1 9 9 2 (2 9. 0 1. 9 2) . HlM&TffiaMlS 



1-5 



1-5 



1-5 



0 3. 12. 9 8 


ii^9i3E»$(^>%ijiB 15 12 98 


0*ffl#f^/T ( I S A/ J P) 
100-8915 


S # II *p • •. l^y 

«fS#^ 03-3581-11 01 


4K 


7 14 1 


3 4 3 5 



SI^PCT/ I SA/2 1 0 (B2'<— S^) (1 9 9 8^7^) 



aiBWHft^ PCT/JP9 8/'03 782 



tf-:^rfflll|6ff, ^mm&GB, 2244103, B2 



J p. 8-325701, 
10. 12^. 19 9 6 



(10. 1 2. 96) . i^lffl!®l 



1 4 



««PCT/I SA/2 1 0 (fR2'<-i^Ott#) (1 99 8^7^) 



